Abstract. The main technique for removing bacteria from water for various applications is chemical disinfection.
Introduction

18
Froth flotation is a well-known solid-liquid separation technique using hydrophobicity as the driving force. Bacteria
19
and other water microorganisms tend to be hydrophobic and can be removed using such a separation method (Boyles 20 and Lincoln, 1958; Rubin et al., 1966; Bahr and Schugerl, 1992 ; Rios and Franca, 1997) . However, the biggest limitation 21 against using froth flotation in bacterial removal from water is the difficulty of obtaining foam without using chemical 22 frothers. These chemicals may be toxic and /or deteriorate taste, odour and safety of the water. In addition to frothers 23 there are other chemicals that are used in froth flotation. These may be "collectors", "activators", "depressants" and 24 pH controllers. All or some of these agents may have a negative effect on water quality.
25
The second limitation against using froth flotation to purify drinking water is the particle size range. For mineral 26 particles the optimum size range for removal by froth flotation is 88-500 µm (Zech et al., 2012) . At sizes greater than 27 this, the weight of particles is more than the bubble-particle adhering force while smaller particles can also 28 agglomerate forming bigger bulks which are also difficult to be kept adhering to a bubble (Zech et 
30
Using biocides in drinking water has many drawbacks. A particular problem is the formation of disinfectant by-31 products (DBPs). Nowadays, there are more than 700 or more known DBPs (Brown et al., 2011; Gonsior et al., 
32
2014; Richardson and Postigo, 2015) . Most have nothing known about their effects on public health; just 11 of them 33 are legalised in the United States. In addition, minimizing the negative effect of such chemicals using current 34 technology can produce yet more chemicals of known and unknown health problems (Ngwenya et al., 
35
2013; Richardson and Postigo, 2015) .
36
The second drawback of using disinfection is the formation of a biofilm. The main driving forces behind biofilm 37 formation is a defensive strategy or to meet the metabolic needs of the bacteria (Chandra et al., 2001; Flemming, Recently, froths have been produced by manipulating a compressed air stream in water without any chemicals. A 45 stable and well-built froth with a height of 27 cm was obtained (Hassan, 2015) and this was found to be able to remove 46 bacteria from the water column. Calculations predict that it is possible to obtain water with low or acceptable bacterial 47 levels starting from average river or reservoir bacterial concentrations (Hassan, 2015) .
48
For smaller particles, such as microorganisms at around 10 µm or less, the optimum bubble size for separation is one 
50
Carbon Nano Tubes (CNTs) (Lautenschlager et al., 2013) .
51
The work presented here investigates whether the predicted results obtained from previous froth experiments can be 52 obtained practically for bacteria or not.
53
Materials and methods
54
Experimental set up
55
The experimental system consists of two Perspex (Poly (methyl methacrylate)) 20cm internal diameter columns of 56 one and two meters length. Air is supplied through a ceramic sparger 19 cm diameter and pore size of 50 microns
57
"from HP technical ceramics", fixed 10 cm above the column base. A water inlet is situated 15 cm underneath the 58 column top. A tank of 200 litres is attached the system for two main purposes, the first is as a reservoir for collecting 59 distilled water from the still, while the second is as a recycle tank when an experiment is run. Figures 1 and 2 illustrate 60 the experimental apparatus. Note that the system in figure 2 is more complicated than the drawing because it is 61 designed to be used for other research as well.
62
iPad for colony counting
63
The iPad used for colony counting has the specifications shown in Table 1 
109
2-Collect 100 liter of distilled water in the tank.
110
3-Add one ml of broth to the water tank, then mix and measure for colony count using a triplicate of Agar plates.
111
4-Add a second ml of nutrient broth to the tank and repeat step 3.
112
5-Continue adding nutrient broth till reaching the expected cfu/ml. 
126
This will give a froth stream of 100 ml/min. 
152
12-Take samples for colony count every time the inlet upstream water is stopped.
154
4 Results
155
Measurements of cfu/ml were taken for the inlet, bottom and froth streams. The froth reading was taken for guidance.
156
The "purification force" depends on the difference between inlet and bottom streams:
157
Percentage removal of bacteria= 
160
In these experiments, two operating variables were investigated to determine their effect on the purification force of 161 froth flotation, the air flow rate and the percentage of inlet water removed by froth. Figures 3 and 4 show the results
162
for the 1 and 2 meter columns respectively. 
190
Three variables were optimized in this study, air flow rate, ratio of water removed by froth, and water column length.
191
For the air flow rate the trend shows a decrease in downstream cfu/ml (increasing bacterial removal) with increasing
192
air flow in the range from 10-50 l/min. This is because the increase of air pumping will increase bubbles which lead 
199
The turbulence is not taking place at the top of the column only but it is a bubble-water phenomenon and occurs along 
203
The inlet upstream is divided into two outlet streams. The first is the purified downstream water while the second is
204
water leaving the column top as froth. The second studied variable is the effect of the ratio of the inlet upstream that 205 is discharged as froth on the downstream cfu/ml. If this ratio increases it will have two counteractive effects; that is,
206
more discharged water but with less cfu/ml. The "more discharged water" should enhance the purification while the 207 "less cfu/ml" lowers process efficiency. The sum of these two effects was tested and found to be nearly the same but 208 opposite.
209
Drink 
222
In a previous work in Japan a separation of 80% was obtained in a 14l column which indicates that smaller columns
223
can do the desired job as well as, or better than larger columns (volumes in present study was 31.5 l and 63 l for 224 columns 1 and 2 respectively) (Suzuki et al., 2008) . However, they were using froth flotation to remove bacteria from 225 sea water in fish farms and not only added casein protein as frother, but seawater also contains self frothers like fish's 226 mucus and salts. This may explain the better bacterial removal efficiency they found.
227
While not without cost, aeration is a conventional process used in the drinking water industry for various proposes 
231
suggests the economical limitations of using compressed air are already accepted in the water treatment industry.
232
Indeed, some countries accept the high cost of Ozonation to avoid the health issues of other biocides (EPA, 1999).
233
Therefore, aeration basins could be modified in order to add the removal of microorganisms to the known duties of 
241
River water sources in rural Venda communities in South Africa gave a minimum and maximum of 600 cfu/ml and 242 37000 cfu/ml respectively (Obi et al., 2003) In Myanmar samples from deep wells and dams in two urban areas; 243 namely, Nay Pyi Taw and Yangon gave 3 to14 cfu/ml (Sakai et al., 2013) . For drinking water, the colony count does 244 not necessarily equate to the health risk because humans have immunity to many bacterial species. However, for 245 example, German drinking water regulations consider 100 cfu/ml as an acceptable limit for tap water (Bartram et al.,
246
2003). Also, an upper limit is reported to be 500 cfu/ml, though the range of 100 to 500 CFU/ml is still "questionable" 
